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We describe a reproducible radioimmunoassay, with use of Sephadex columns, for measuring normalized thyroxine. In comparison witha competitive protein-binding procedure, the present method is more specific because antibody rather than thyroxine-binding globulin is responsible for the competition between endogeneous and tracer thyroxine. In barbital buffer, various concentrations of thyroxine binding pre-albumin and albuminhad no influence on the results. Values obtainedby the presentmethod correlated wellwiththoseby thefree thyroxine index and a generally acceptedthyroxine normalized method. It has been shown (1) that the combined use of tniodothyronine (T3) uptake (RT3U) and total thyroxine (T4) assays, usually presented in the form of a free thyroxine index (FTI) (2), more reliably measures thyroid function than does either of these tests singly. 3 The product ofT3 uptake and T4, an estimate of free thyroxine, supplies an accurate assessment of thyroid status when interfering factors that would tend to invalidate the other tests of thyroid status are suspected or known to be present (3) .
However, the product is an indirectly obtained figure that is subject to errors from both assays. Therefore, a single test for evaluating thyroid metabolic status was ' developed: normalized serum thyroxine determination (4) . In principle, the test combines aT4 determination and a T3 uptake measurement. A second aliquot of patient's serum providing a small amount of endogenous thyroxine binding globulin is added at the competitive binding stage. Thus both total serum T4 and the degree of unsaturation of the thyroxine binding proteins are simultaneously taken into account. Several studies have confirmed the usefulness of normalized T4 in routine clinical diagnosis.
The main difference between our method and previous methods (1, 5) is that antibody instead of thyroxine-binding globulin is responsible for the competition between the patient's serum T4 and radioactive T4.
The principles of the test can be described as fol- The nature of the T4 binding to Sephadex is unknown (6) , but the hormone is accessible to interact with T4 antibody, which is excluded from entering the fluid that is inside the gel particles. T4 is more firmly bound by antibody than by Sephadex.
The new method is compared with a commercially available normalized T4 assay ("Quantisorb"; Abbott Laboratories, North Chicago, Ill. 60064), a procedure in which T4 is displaced from proteins by acid hydrolysis. Proteinsare not discarded; after the pH is adjusted by adding barbital buffer, competition takes place with a fixed amount of thyroxine-binding globulin. Resin sponges are used to separate the free and protein-bound moieties.
Materials and Methods
Sephadex G25 Columns
We used disposable Sephadex G25 columns (Philips-Duphar B.V., Cyclotron and Isotope Laboratories, 
Buffer Solutions
Barbital Dissolve 25.0 mg of L-thyroxine free acid (Sigma Chem. Co., St. Louis, Mo. 63178) in 1.5 ml of 80 mmol/liter NaOH and dilute to 25 ml with demineralized water. Check the T4 concentration by diluting 1 ml of stock standard to 10 ml with 80 mmol/liter NaOH. The absorbance, measured at 325 nm vs. 80 mmol/liter NaOH as blank, should be 0.795 E 0.005. If stored at 20 #{176}C this solution is stable for at least four months (6) .
Working standards: Dilute 1 ml of the stock T4 (1 g/liter) to 50 ml with a 5 g/liter solution of human albumin to prevent adsorption ofT4 onto the walls of the vessel. Prepare appropriate dilutions of this with the albumin solution.
14 Antibody Solution We measured total thyroxine concentrations in sera by use of Sephadex columns according to the radioimmunoassay procedure described in a previous paper (7).
T3 uptake. We measured the T3 uptake (RT3U ratio) (8) by use of small Sephadex columns with barbital buffer. We pipetted 0.5 ml ['251]T3 (0.1 MCi) into the Sephadex column, then added 50 l of patient's serum. After mixing and draining, the column was eluted with 2 ml of water. The radioactivity of the column was measured and compared with that of a column in which standard serum, prepared by mixing human sera of at least 300 healthy individuals, was treated in the same way.
The RT3U ratio was defined as P/S, where P counts for the patient's serum and S = counts for the standard serum.
T4-RT3U index. This was defined as T4 RIA X RT3U
ratio (8) .
T4N RIA test procedure. 
4.
Remove and save the bottom cap of the column.
Place the column over a waste receptacle until no more liquid drains from the column. 5. Add 4 ml of barbital buffer and again allow the column to drain.
6. When the column has completely drained, blot the tip of the column on a paper towel. Replace the bottom cap. Three such columns are counted for total activity.
7. Pipette 0.5 ml ofT4 antibody solution and 20 tl of the same serum sample onto the column. Mix gent-8. Remove the bottom cap. After draining, allow the column to stand for 1 h.
9. Add 4 ml of buffer. When the column has completely drained, blot the tip of the column and replace the bottom cap.
10. Count the radioactivity of the columns in a well counter.
Calculate the percentage of "free" hormone as:
% Free hormone = (final counts on the column! initial counts on the column) X 100%
Results and DIscussion
Calibration Curve
The defmition of normalized units was chosen in such a way that the normalized T4 value by radioimmunoassay of a human serum corresponded to the thyroxine content in g/100 ml and to the T4-RT3U index The calibration curve was reproducible from day to day if the temperature was kept constant.
Influence of Buffer System
Variation in the concentration of some thyroxinebinding proteins in the second addition, together with the choice of an inappropriate buffer solution, will influence the percentage of free T4 that remains on the column and thus finally the normalized T4 result.
The percentage of free T4 was followed by applying 10 ig/100 ml thyroxine standard samples on the column in 0.1 mol/liter NaOH and washing with 4 ml of a particular buffer. The second addition consisted of various concentrations of albumin ( Figure 3 ) and pre-albumin ( Figure 4) .
If albumin or pre-albumin is present in the second addition, the percentage of free T4 on the column is Figures 3 and 4) , resulting in an evident decrease in the percentage free T4 on the column. In contrast, barbital buffer eliminates interference by albumin and pre-albumin.
Normal Range
Reference values for the test studied were obtained by examining a population consisting of 112 healthy males and females randomly collected with respect to with age. Computation, based on ±2 standard deviations of the mean, results in suggested reference values of 6-li T4N units. In a separate study, 10 pregnant women showed values in the lower normal range. (a) Forty-eight freshly drawn serum samples from normal persons, pregnant women, and patients being medicated for thyroid disease were subjected to determination of T3 uptake, T4 radioimmunoassay, and normalized T4 by radioimmunoassay in Sephadex columns. All determinations were done in duplicate. T3 uptake and normalized T4 radioimmunoassay were both We acknowledge the skillful technical assistance of Marian van Baar, Astrid van't Riet, and Ria Stokman.
Reproducibility
